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We report the identification of a gene, named SLC-1 (1), encoding a novel 
G protein-coupled receptor (GPCR) . 

A customized search procedure of a database of expressed sequence tags 
(dbEST) retrieved a human cDNA sequence that partially encoded a GPCR. A 
genomic DNA fragment identical to the cDNA was obtained and used to 
screen a library to isolate the full-length coding region of the 
gene. This gene was intronless in its open reading frame, and encoded a 
receptor of 4 02 amino acids, and shared -4 0% amino acid identity in the 
transmembrane (TM) regions to the five known human somatostatin 
receptors. Northern blot analysis revealed that SLC-1 is expressed in 
human brain regions, including the forebrain and hypothalamus. Expression 
in the rat was highest in brain, followed by heart, kidney, and ovary. 
Expression of SLC-1 in COS-7 cells failed to show specific binding to 
radiolabelled Tyrl-somatostatin-14 , naloxone, bremazocine, 

1,3-di (2-tolyl) -guanidine (DTG) , or haloperidol . A repeat polymorphism of 
the form (CA)n was discovered in the 5 1 -untranslated region (UTR) of the 
gene and SLC-1 was mapped- to chromosome 22, ql3.3. 
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AB G-protein-coupled receptors are a 

major target for potential therapeutics; yet, a large number of these 
receptors couple to the Gi pathway, generating signals that are difficult 
to detect. We have combined chimeric G proteins, automated 
sample handling, and simultaneous 96-well fluorometric imaging to develop 
a high -throughput assay system for Gi signaling. The chimeric G proteins 
alter receptor coupling so that signaling can occur through Gq and result 
in mobilization of intracellular calcium stores. An automated signaling 
assay device, the fluorometric imaging plate reader (FLIPR) , can 
simultaneously measure this response in real time in 96-well microplates, 
allowing two people to process more than 10,000 points per day. We used 
the chimeric G protein/FLIPR system to characterize signaling by the 
Gi-coupled human opioid receptors. We show that the mu, delta, and kappa 
opioid receptors and the related nociceptin receptor, ORL1, each couple to 
GalphaqiS, Galphaqo5, and Galphal6 (Galphaqi5 and Galphaqo5 refer to 
Galphaq proteins containing the five carboxyl -terminal amino acids from 
Galphai and Galphao, respectively) and that different receptor/G protein 
combinations show different levels of maximal activation. We tested 31 
opioid ligands for agonist activity at the opioid receptors (124 
ligand-receptor combinations) ; all 31 activated at least one receptor 
type, and several activated multiple receptors with differing potencies. 
This high -throughput assay could be useful for dissecting the complex 
ligand-receptor relationships that are common in nature. 
Copyright 1999 Academic Press. 
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AB Transgenic Saccharomyces cerevisiae that have mammalian G 
protein-coupled receptors functionally 

integrated into yeast signaling pathways and that can be used to 
screen for effectors of the -receptor are described. The receptor 
is integrated into the cell membrane using the a factor leader 
sequence. Integration of signalling is achieved using host cells 
expressing a gene for an analog, such as a fusion 
protein or amino acid-substituted variant, of the cognate 
mammalian G protein subunit . This also allows for the screening of 
modulators of the interaction of the receptor and the G protein. 
Specifically, the invention provides novel yeast cells which express a 
heterologous G protein coupled 

receptor and mutant and/or chimeric G protein subunit mols. which 

serve to functionally integrate the heterologous into the pheromone 

signaling pathway of the yeast cell. Functioning of the pathway is 

demonstrated by induction of a reporter gene. Critical regions of mammalian 

Get subunits involved in 0y dimer binding were identified 

by mutational anal, and this information was used to design fusion 

proteins that effectively sequestered the yeast STE4/STE18 



Py dimer. A fusion protein of mammalian 

Gal2 and yeast GPA1 showed better binding of the STE4/STE18 
Py dimer than did Gal2 . A number of expression strains 
carrying different combinations of G protein variants were constructed. 
Genes for receptors are transformed into this panel of strains and 
reporter gene expression is used to identify the best host strain. 
Successful expression of a number of receptor genes in yeast is demonstrated. 
REFERENCE COUNT: 6 THERE ARE 6 CITED REFERENCES AVAILABLE FOR THIS 
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G protein-coupled receptors 

regulate gene expression by cellular signaling cascades that target 
transcription factors and their recognition by specific DNA sequences. In 
the central nervous system, heteromeric metabotropic gamma -aminobutyric 
acid type B (GABA(B)) receptors through adenylyl cyclase regulate cAMP 
levels, which may control transcription factor binding to the cAMP 
response element. Using yeast-two hybrid screens of rat brain 
libraries, we now demonstrate that GABA(B) receptors are engaged in a 
direct and specific interaction with the activating transcription factor 4 
(ATF-4) , a member of the v cAMP response element -binding protein /ATF 
family. As confirmed by pull-down assays, ATF-4 associates via its 
conserved basic leucine zipper domain with the C termini of both GABA(B) 
receptor (GABA(B)R) 1 and GABA ( B ) R2 at a site which serves to assemble 
these receptor subunits in heterodimeric complexes. Confocal fluorescence 
microscopy shows that GABA ( B ) R and ATF-4 are strongly coclustered in the 
soma and at the dendritic membrane surface of both cultured hippocampal 
neurons as well as retinal amacrine cells in vivo. In oocyte coexpression 
assays short term signaling of GABA (B) Rs via G proteins was only 
marginally affected by the presence of the transcription factor, but ATF-4 
was moderately stimulated in response to receptor activation in in vivo 
reporter assays. Thus, inhibitory metabotropic GABA ( B ) Rs may regulate 
activity-dependent gene expression via a direct interaction with ATF-4. 
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The mammalian gonadotropin-releasing hormone (GnRH) receptor (GnRH-R) has 
been a therapeutic target for human and animal medicine. This receptor is 
a unique G-protein-coupled receptor 

that lacks the intracellular C-terminal domain commonly associated with 
this family. Development of highthrough put screens for agents 
active in humans has been hampered by low expression levels of the hGnRH-R 
in cellular models. Two sites have attracted the interest of laboratories 
studying regulation of expression. The chimeric addition of the 
C-terminal tail from catfish GnRH-R (cf GnRH-R) to the rat GnRH-R 
significantly augmented receptor expression in GH3 cells. In addition, 
rodent GnRH-R contains 327 amino acids, but cow, sheep, and human GnRH-R 
(hGnRH-R) contain 328 residues, the "additional" residue being a Lys 191. 
Deletion of Lys 191 (del 191) from the hGnRH-R resulted in increased 
receptor expression levels and decreased internalization rates in both 
COS-7 and HEK 293 cells. In this study, the combined effect of the 
addition of the C-tail from cf GnRH-R and deletion of the Lys 191 from the 
hGnRH-R was compared to expression of the wild-type (WT) or either 
alteration alone in a transient expression system using primate cells. 
The altered receptor (hGnRH-R[del 191] -C-tail) showed significantly 
increased receptor expression at the cell surface compared with the WT or 
either modification alone. The inositol phosphate response to stimulation 
was also significantly elevated in response to GnRH agonist. After 
treatment with a GnRH agonist, the altered receptors showed a slower 
internalization rate. The homologous steady-state regulation of the WT 
and the altered receptors was similar, although the response of the 
altered receptors was significantly decreased. These results suggest that 
the conformational change in the receptor as a result of the deletion of 
Lys 191 and the addition of the C-terminus tail substantially increased 
the steady-state receptor expression and decreased internalization and 
homologous regulation. Because the effects on expression are greater than 
additive, it appears that these alterations exert their effects by 
differing means. These techniques for expression of the hGnRH-R in 
transfected mammalian cells provide the basis for a therapeutic 
screen for GnRH analogs, agonists, and antagonists of the hGnRH. 
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AB A variety of physiologically important receptors are internalized and then 
recycled back to the plasma membrane by the endocytic recycling 
compartment. These include the transferrin receptor and many G- 
protein coupled receptors (GPCRs) . The 

internalization of GPCRs is a result of agonist stimulation. A cell-based 
fluorescent imaging assay is described that detects and 
quantifies the presence of f luorescently labeled receptors and 
macromolecules in the recycling compartment. This High Content Screening 
application is conducted on the ArrayScan II System that includes 
fluorescent reagents, imaging instrumentation and the informatics tools 
necessary to screen for compounds that affect receptor 
internalization, recycling and GPCR activation. We demonstrate the 
Receptor Internalization and Trafficking application by quantifying (i) 
the internalization and recycling of the transferrin receptor using a 
f luorescently labeled ligand and (ii) the internalization of a 
physiologically functional model GPCR, a GFP-parathyroid hormone receptor 
chimera. These assays give high signal-to-noise ratios, broad dynamic 
ranges between stimulated and unstimulated conditions and low variability 
across different screening runs. Thus, the Receptor Internalization and 
Trafficking application, in conjunction with the ArrayScan II System, 
forms the basis of a robust, information-rich and automated screen 
for GPCR activation. 
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AB Transgenic Saccharomyces cerevisiae that have mammalian G 
protein-coupled receptors functionally 

integrated into yeast signaling pathways and that can be used to 
screen for effectors of the receptor are described. The receptor 
is integrated into the cell membrane using the a factor leader 
sequence. Integration of signalling is achieved using host cells 
expressing a gene for an analog, such as a fusion 
protein or amino acid-substituted variant, of the cognate 
mammalian G protein subunit . This also allows for the screening of 
modulators of the interaction of the receptor and the G protein. 
Specifically, the invention provides novel yeast cells which express a 
heterologous G protein coupled 

receptor and mutant and/or chimeric G protein subunit mols. which 

serve to functionally integrate the heterologous into the pheromone 

signaling pathway of the yeast cell. Functioning of the pathway is 

demonstrated by induction of a reporter gene. Critical regions of mammalian 

Go. subunits involved in Py dimer binding were identified 

by mutational anal, and this information was used to design fusion 

proteins that effectively sequestered the yeast STE4/STE18 
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PDZ domains play a pivotal role in the synaptic localization of ion 
channels, receptors, signaling enzymes, and' cell adhesion molecules. 
These domains mediate protein-protein interactions via the recognition of 
a conserved sequence motif at the extreme C terminus of their target 
proteins. By means of a yeast two-hybrid screen using the C 
terminus of the G protein-coupled/alpha-latrotoxin receptor CL1 as bait, 
three PDZ domain proteins of the^Shank family were identified. These 
proteins belong to a single protein family characterized by a common 
domain organization. The PDz/domain is highly conserved among the family 
members, significantly different from other known PDZ domains, and 
specifically binds to the / terminus of CL1 . Shankl and CL1 are expressed 
primarily in brain, and both proteins co-enrich in the postsynaptic 
density. Furthermore, Snankl induces a clustering of CL1 in transfected 
cells, strongly supporting an interaction of both proteins in vivo. 
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py dimer. A fusion protein of mammalian 

Gal2 and yeast GPA1 showed better binding of the STE4/STE18 
Py dimer than did Gal2 . A number of expression strains 
carrying different combinations of G protein variants were constructed. 
Genes for receptors are transformed into this panel of strains and 
reporter gene expression is used to identify the best host strain. 
Successful expression of a number of receptor genes in yeast is demonstrated. 
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